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<4/£\ DATA REPRODUCTION METHOD AND DATA REPRODUCTION 

APPARATUS 



BACKGROUND OF THE INVENTION 
[000 1 ] 1 . Field of the Invention 

[0002] The present invention relates to a data reproduction method and a data 
reproduction apparatus. It, particularly, relates to a data reproduction method and data 
reproduction apparatus wherein audio data having a specific sampling frequency is 
recorded on a recording medium and the audio data is reproduced from the recording 
medium. 

[0003] 2. Description of Related Art 

[0004] Conventionally, there has been known a digital video tape recorder in which video 
data and audio data are recorded on inclined tracks of a magnetic tape with the video data 
and the audio data being corresponded to each other. In this type of digital video tape 
recorder, there has been conceived that video data having a field frequency of 59.94 Hz is 
recorded after the number of items of sampled audio data having a sampling frequency of 
48 kHz for each one frame period has been converted from 1602 (this number 
corresponds to the sampling frequency of 48 kHz) to 1600 (this number corresponds to 
the sampling frequency of 47.952 kHz) by a rate converter. 
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[0005] When audio data is recorded as in the manner described above if video data is 
reproduced at a field frequency of 59.94 Hz in the reproduction, the video data is output 
after the number of items of the sampled audio data that has been reproduced for each 
one frame period has been converted from 1600 (this number corresponds to the 
sampling frequency of 47.952 kHz) to 1602 (this number corresponds to the sampling 
frequency of 48 kHz) by the rate converter. 

[0006] On the other hand, in a compatibility reproduction in which the video data is 
reproduced at a field frequency of 60 Hz in the reproduction, the video data is output with 
the number of items of the sampled audio data that has been reproduced for each one 
frame being kept at 1600 (this number corresponds to the sampling frequency of 48 kHz) 
without making any conversion. 

[0007] According to this case, in order to reproduce the video data in the compatibility 
reproduction at a field frequency of 60 Hz, the data is recorded after the number of items 
of the sampled audio data for each one frame period has been converted from 1602 to 
1600 by a rate converter and, when the data is reproduced in a normal reproduction at a 
field frequency of 59.94 Hz, the number of items of the sampled audio data for each one 
frame period is converted from 1600 to 1602. This causes a problem such that the 
reduction in the number of items of sampled data at the time of recording the audio data 
results in bandwidth limitation and filter rounding error in the rate converter, thereby 
deteriorating into sound quality. 
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[0008] An objective of the present invention is to present a data reproduction method and 
a data reproduction apparatus by which a compatibility reproduction is allowed without 
inducing deterioration in sound quality if a normal reproduction is performed. 

SUMMARY OF THE INVENTION 

[0009] According to the present invention, in a data reproduction method for reproducing 
audio data from a recording medium in which audio data having a specific sampling 
frequency is recorded every first period of time by a length of the first period of time, the 
audio data reproduced every said first period of time is output with the number of items 
of sampled audio data being kept unchanged when the audio data of the first period of 
time recorded every said first period of time is reproduced every said first period of time. 
When the audio data of the first period of time recorded every said first period of time is 
reproduced every second period of time, which is different from the first period of time, 
the audio data is output with the number of items of sampled audio data reproduced every 
said second period of time being converted into the number corresponding to the second 
period of time. 

[0010] Further, according to the present invention, a data reproduction apparatus 
comprises a reproducer for reproducing audio data from a recording medium in which the 
audio data having a specific sampling frequency is recorded every first period of time by 
a length of the first period of time. It also comprises a rate converter for outputting, when 
the reproducer produces every first period of time the audio data of the first period of 
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time recorded every said first period of time, the audio data reproduced every said first 
period of time with the number of items of sampled audio data being kept unchanged, 
whereas for outputting, when the reproducer produces the audio data of the first period of 
time recorded every said first period of time, the audio data every second period of time 
that is different from the first period of time, with the number of items of sampled audio 
data being converted into the number corresponding to the second period of time, the 
sampled audio data being reproduced every said second period of time. 

[001 1] According to the present invention, in another data reproduction method for 
reproducing video data and audio data from a recording medium in which the video data 
having a first frame frequency is recorded, and the audio data having a specific sampling 
frequency is recorded every specific period of time by a length of the specific period of 
time, which is an integer times larger than or is smaller by a factor of an integer than the 
frame period of said video data, the audio data corresponding to the video data, the audio 
data of the specific period of time is output, when the video data is reproduced at said 
first frame frequency, with the number of items of sampled audio data being kept 
unchanged, the sampled audio data being sequentially reproduced in correspondence with 
the video data. When the video data is reproduced at a second frame frequency that is 
different from the first frame frequency, the audio data of the specific period of time is 
output with the number of items of sampled audio data being converted into the number 
of items corresponding to the second frame frequency, the sampled audio data being 
sequentially reproduced in correspondence with the video data. 
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[0012] Further, according to the present invention, another data reproduction apparatus 
comprises a reproducer for reproducing video data and audio data from a recording 
medium in which the video data having a first frame frequency is recorded, and the audio 
data having a specific sampling frequency and corresponding to said video data is 
recorded every specific period of time by a length of the specific period of time, which is 
an integer times larger than the frame period of the video data or is smaller by a factor of 
an integer than the frame period of the video data. It also comprises a rate converter for 
outputting, when the video data is reproduced at the first frame frequency, the audio data 
of the specific period of time with the number of items of sampled audio data being kept 
unchanged, the sampled audio data being sequentially reproduced in correspondence with 
the video data, whereas, for outputting, when the reproducer reproduces the video data at 
a second frame frequency that is different from the first frame frequency, the audio data 
of the specific period of time with the number of items of sampled audio data being 
converted into the number corresponding to the second frame frequency, the sampled 
audio data being sequentially reproduced in correspondence with the video data. 

[0013] In the present invention, for example, the specific period of time is one field 
period, which is a half of the frame period of the video data. In addition, for example, the 
recording medium is a tape recording medium. A plurality of sync blocks is recorded on 
one or a plurality of inclined tracks of this tape recording medium. Each of the sync 
blocks is reproduced from the video data and the audio data of the specific period of time. 
In this case, for example, the video data and the audio data of the specific period of time 
are respectively divided into one or a plurality of encoding units. Error-correction 
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encoding is performed for each divided encoding unit by use of a product code. Each of 
the sync blocks is formed by adding an internal encoding parity to data string that 
constitutes an internal encoding calculation data stream. 

[0014] In a normal reproduction in which the video data is reproduced at a first frame 
frequency, for example, at 23.97 Hz, the audio data sequentially reproduced in 
correspondence with the video data is output as it is with the number of items of sampled 
audio data of a specific period of time being kept unchanged. On the other hand, in a 
compatibility reproduction in which the video data is reproduced at a second frame 
frequency, which is different from the first frame frequency, for example, at 25 Hz, the 
audio data of a specific period of time that is sequentially reproduced in correspondence 
with this video data is output with the number of items of sampled audio data being 
converted into the number corresponding to the second frame frequency by a rate 
converter. 

[0015] In this case, when the video data is reproduced in a normal reproduction at a first 
frame frequency, there is no need of converting the number of items of sampled audio 
data of each specific period of time. No reduction in the number of items of sampled data 
causes problems such as bandwidth limitation and filter rounding error in a rate 
converter, resulting in no deterioration in sound quality. 

[0016] The concluding portion of this specification particularly points out and directly 
claims the subject matter of the present invention. However those skill in the art will best 
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understand both the organization and method of operation of the invention, together with 
further advantages and objects thereof, by reading the remaining portions of the 
specification in view of the accompanying drawing(s) wherein like reference characters 
refer to like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] FIG. 1 is a block diagram for showing a configuration of a recording and 
reproduction apparatus as an embodiment of the invention; 

[0018] FIGS. 2 A to 2C are diagrams each for illustrating a rate conversion performed in a 
compatibility reproduction where the frame frequency is converted from 23.97 Hz to 25 



[0019] FIG. 3 is a diagram for illustrating a recording format; 



[0020] FIG. 4 is a diagram for illustrating an arrangement of magnetic heads; 



[0021] FIG. 5 is a diagram for showing a configuration of an ECC block of video data; 



[0022] FIG. 6 is a diagram for showing a configuration of one sync block of video data; 



[0023] FIGS. 7A to 7C are diagrams each for illustrating an arrangement of sync blocks 



Hz; 
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(video data) within twelve tracks; 

[0024] FIG. 8 is a block diagram for showing a configuration of an ECC block of audio 
data; 

[0025] FIG. 9 is a diagram for showing a configuration of one sync block of audio data; 

[0026] FIG. 10 is a diagram for showing a sample data of audio data to be arranged in the 
ECC block of the block N and block N+12; 

[0027] FIGS. 1 1 A to 1 1C are diagrams each for illustrating an arrangement of sync 
blocks (audio data) within twelve tracks; 

[0028] FIG. 12 is a block diagram for showing a configuration of an ECC encoder; 

[0029] FIG. 13 is a diagram for illustrating a relationship between a macro block and a 
sync block (video data); 

[0030] FIG. 14 is a block diagram for showing a configuration of an ECC decoder; and 

[0031] FIGS. 15A to 15C are diagrams each for illustrating a rate conversion performed 
in a compatibility reproduction where the frame frequency is converted from 25 Hz to 
23.97 Hz. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0032] Hereinafter, embodiments of the present invention will be described with 
reference to drawings. FIG. 1 shows a basic configuration of a recording and 
reproduction apparatus 1 00 as an embodiment of this invention. 

[0033] First, a recording system will be described. A vide compression circuit 112 
receives digital video data Vin, which has been input into an input terminal 1 1 IV. The 
video data Vin has a frame frequency of 23.97 Hz. The video compression circuit 112 
divides the video data Vin into two-dimensional blocks of 8. times. 8 pixels, for example, 
and then performs data-compression for the resultant video data by use of block encoding 
such as DCT. 

[0034] An ECC encoder 113 then receives video data (compression encoded data) VDa 
from the video compression circuit 1 12. The ECC encoder 113 also receives digital audio 
data Ain, which has been input into an input terminal 1 1 1 A. The audio data Ain has a 
sampling frequency of 48 kHz. As to this audio data Ain, twelve channels of audio data 
can be simultaneously input. 

[0035] The ECC encoder 113 performs error correction encoding on the video data VDa 
for each encoding unit by use of a product code, and performs error correction encoding 
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on the audio data Ain for each encoding unit by use of a product code. The recording data 
(error-correction encoded data) DDb output from the ECC encoder 1 13 is supplied to a 
recording head Hr via a recording amplifier 1 14 so as to be sequentially recorded on 
inclined tracks of a magnetic tape 120. 

[0036] In this case, the recording data DDb is recorded in its original non-Return-to-Zero 
(NRZ) format without undergoing digital modulation. Alternatively, the recording data 
DDb may be recorded after it is subjected to digital modulation. 

[0037] Next, a reproduction system will be described. A reproduction amplifier 131 
amplifies reproduction signal, which has been reproduced on a reproduction head Hp 
from the inclined tracks of the magnetic tape 120. An equalization circuit 132 then 
waveform-equalizes it. A decoding circuit 133 receives and decodes the waveform- 
equalized reproduction signal by utilizing Viterbi algorithm, for example, so as to 
produce a reproduction data DDc, which corresponds to the recording data DDb output 
from the above-described ECC encoder 1 13 in the recording system. 

[0038] An error correction code (ECC) decoder 134 receives the reproduction data DDc 
from the decoding circuit 133. The ECC decoder 134 executes error correction for the 
video data and the audio data by use of the parities (a CI parity and a C2 parity) added to 
the reproduction data DDc. 

[0039] A video expansion circuit 135 then receives the error-corrected video data 
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(compression encoded data) VDd from the ECC decoder 134. The video expansion 
circuit 135 also performs data expansion through processing reversal of the processing 
performed by the video compression circuit 1 12 in the recording system. Then, the video 
data Vout from the video expansion circuit 135 is output through an output terminal 136. 

[0040] A rate converter 137 as a rate-converting device receives the error-corrected audio 
data from the ECC decoder 134. The audio data Aout from the rate converter 137 is 
output through an output terminal 136A. 

[0041] In this embodiment, the reproduction is categorized into a normal reproduction 
and a compatibility reproduction. 

[0042] As described above, the video data Vin having a frame frequency of 23.97 Hz is v 
recorded on the magnetic tape 120. The normal reproduction means a reproduction for 
obtaining the video data Vout having a frame frequency of 23.97 Hz from the magnetic 
tape 120. In this case, the tape traveling speed of the magnetic tape 120 and the rotation 
speed of the rotation head are set to be identical to those at the time of recording. 

[0043] On the other hand, as described above, the video data Vin having a frame 
frequency of 23.97 Hz is recorded on the magnetic tape 120. The compatibility 
reproduction means a reproduction for obtaining the video data Vout having a frame 
frequency of 25 Hz from the magnetic tape 120. In this case, at the time of reproduction, 
the tape traveling speed of the magnetic tape 120 and the rotation speed of the rotating 
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head are set to be 25/23.97 times higher than at the time of recording. 

[0044] At the time of normal reproduction, the rate converter 137 outputs audio data of 
each field, which is sequentially supplied from the ECC decoder 134, with the number of 
items of the sampled audio data being kept unchanged, that is, 1001 items (this number 
corresponds to the sampling frequency of 48 kHz). At the time of compatibility 
reproduction, the rate converter 137 outputs audio data of each field, which is 
sequentially supplied from the ECC decoder 134, with the number of items of the 
sampled audio data being converted from 1001 items (this number corresponds to the 
sampling frequency of 50.01 kHz) to 960 items (this number corresponds to the sampling 
frequency of 48 kHz). 

[0045] As a result, audio data Aout having a sampling frequency of 48 kHz is obtained at 
the output terminal 136 A in both the normal reproduction where the video data Vout 
having a frame frequency of 23.97 Hz is produced and the compatibility reproduction 
where the video data Vout having a frame frequency of 25 Hz is produced. 

[0046] FIG. 2 A shows that 1001 items of sampled audio data Ain are recorded in 
correspondence with each field of the video data Vin. The audio data has a sampling 
frequency of 48 kHz. The video data has a frame frequency of 23.97 Hz. At the time of 
normal reproduction, the video data Vout has a frame frequency of 23.97 Hz, which is 
identical to the frame frequency of the video data Vin at the time of recording using 1001 
items of the sampled audio data reproduced in each field of the video data Vout without 
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making any conversion allows audio data Aout having a sampling frequency of 48 kHz to 
be produced. 

[0047] On the contrary, at the time of compatibility reproduction, the video data Vout has 
a frame frequency of 25 Hz, which is higher than the frame frequency of the video data 
Vin at the time of recording. If the audio data having a sampling frequency of 48 kHz is 
constituted by 1001 items of the sampled audio data reproduced in each field of the video 
data Vout without making any conversion, the period of the resultant audio data is longer 
than one field period as shown in FIG. 2B. This is inconvenient. 

[0048] As described above, in order to avoid such an inconvenience, the rate converter 
137 converts the number of items of the sampled audio data reproduced in each field of 
the video data Vout from 1001 items to 960. The 960 items of the sampled audio data 
obtained as a result of conversion is then used to constitute the audio data having a 
sampling frequency of 48 kHz in each field. Thereby, the period of the resultant audio 
data becomes equal to one field, as shown in FIG. 2C. As a result, audio data in each field 
can be satisfactorily continued. 

[0049] It is required that an interface capable of transmitting all of the sampled data in 
each field is provided between the ECC decoder 134 and the rate converter 137 in 
accordance with the reproduction frame frequency. This embodiment employs an 
interface capable of transmitting audio data of 2 channels in a serial transmission at a 
transmission rate of 128 fs (fs means 48 kHz). 
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[0050] In this case, each sampled data is transmitted in a signal format in which an 8-bit 
header is added to a 24-bit data. Therefore, when the frame frequency is 25 Hz, it is 
possible to transmit 1920 items (=(128.times.48.times.l0.sup.3)/(50.times.32.times.2)) of 
the sampled data per one channel in the period of one field. However, as described above, 
the number of items of the sampled data of one field, which can be transmitted through 
one channel, is 1001. Therefore, when 1001 items of the sampled data are transmitted, 
only the headers of 1001 items of the effective sampled data are provided with valid flags 
for indicating that these are effective sampled data. 

[0051] FIG. 3 shows a recording format of a magnetic tape 120. On the magnetic tape 
120, tracks T inclined with respect to the longitudinal direction of the magnetic tape 120 
are sequentially formed. In this case, recording azimuths of two adjacent tracks T are 
made to be different from each other. 

[0052] The end region of the track T at which the scanning is initiated and the end region 
of the track T at which the scanning is finished are respectively allocated to video data 
areas ARV.sub.L, ARV.sub.U. The video data areas ARV.sub.L, ARV.sub.U record sync 
blocks related to the video data, which constitutes the recording data DDb output from 
the above-described ECC encoder 113. 

[0053] The area interposed between the video areas ARV.sub.L, ARV.sub.U in each of 
the tracks T is allocated to an audio data area ARA. The audio data area ARA records 
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sync blocks related to the audio data, which constitutes the recording data DDb output 
from the above-described ECC encoder 113. 

[0054] FIG. 4 is a schematic diagram for showing a configuration of a rotating drum of 
the recording and reproduction apparatus 100 shown in FIG. 1. The magnetic tape 120 is 
obliquely wound around the rotating drum 140 at a winding angle of 180.degree.. The 
magnetic tape 120 is traveled at a specific speed in a state that it is wound around the 
rotating drum 140. 

[0055] On the rotating drum 140, four recording heads RECA to RECD are arranged, and 
additional four recording heads RECE to RECH are arranged at 180.degree. angular 
interval from the four recording heads RECA to RECD. Further, on the rotating drum 
140, eight reproduction heads PBA to PBH corresponding to the recording heads RECA 
to RECH are arranged at 90.degree. angular interval from the recording heads RECA to 
•RECH, respectively. 

[0056] As described above, the recording head Hr of the recording and reproduction 
apparatus 100 shown in FIG. 1 is actually formed by eight recording heads RECA to 
RECH as described above. In addition, the reproduction head Hp of the recording and 
reproduction apparatus 100 shown in FIG. 1 is actually formed by eight reproduction 
heads PBA to PBH as described above. Video data and audio data of one field are 
recorded on twelve tracks. At the time of recording and reproduction, four tracks are 
simultaneously scanned by four heads in one scan (i.e. scanning operation), and therefore, 
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twelve tracks are completely scanned when a scanning operation is conducted three 
times. 

[0057] The video data areas ARV.sub.L, ARV.sub.U of twelve tracks record 36 ECC 
blocks from block 0 to block 35 (data in encoding units) as shown in FIG. 5. One ECC 
block is constituted as follows. Specifically, for the video data constituted by a data array 
of 226.times.l 14 bytes, data in each column (data string) is encoded according to (126, 
1 14) the Reed-Solomon code, for example, in the external encoding calculation data 
stream shown by an arrow "b" to generate a C2 parity of twelve bytes (external encoding 
parity). In addition, for the video data and the C2 parity, data in each row (data string) is 
encoded according to (242, 226) the Reed-Solomon code, for example, in the internal 
encoding calculation data stream shown by an arrow "a" to generate CI parity of 16-byte. 
At a leading end of each data string, sync data and ID each having a size of 2-byte are 
arranged. 

[0058] FIG. 6 shows a configuration of one sync block having the ECC blocks (video 
data). Two bytes at the leading end are sync data. The subsequent two bytes are ID. The 
ID includes a track ID for identifying which track among twelve tracks records this one 
sync block and a sync block ID for identifying which sync block among the plurality of 
sync blocks recorded on one inclined track is this one sync block. 

[0059] For example, the sync block ID is.constituted as 9-bit data. In this case, one bit 
indicates whether this one sync block is recorded in the video data area ARV.sub.L, 
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located at an end side at which the scanning is initiated, or in the audio data area 
ARV.sub.U, located at an end side at which the scanning is finished. The remaining 8 bits 
give numeric values from 0 to 188 respectively corresponding to 189 sync blocks 
recorded in the areas ARV.sub.L, ARV.sub.U, respectively. 

[0060] Further, one segment is constituted for every twelve tracks, and segment numbers 
from 0 to 3 are repeatedly allocated to the segments sequentially. The two-byte ID 
described above also includes a segment ID indicating the segment number of the 
segment that records this one sync block. 

[0061] The ID is followed by 226-byte video data (or a C2 parity) and a 16-byte CI 
parity. 

[0062] As described above, 36 ECC blocks (see FIG. 5) are recorded on twelve tracks of 
the magnetic tape 120. FIG. 7 shows an arrangement of sync blocks in each ECC block in 
the video data areas ARV.sub.L, ARV.sub.U in twelve tracks, which constitute one 
segment. 

[0063] As shown in FIG. 7A, in four tracks 0 to 3, which are scanned for the first time, 
the video data area ARV.sub.L records sync blocks of 21 rows from 0th to 20th rows in 
each of the ECC blocks 0 to 35, whereas the video data area ARV.sub.U records sync 
blocks of 21 rows from 21st to 41st rows in each of the ECC blocks 0 to 35. 
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[0064] In four tracks 4 to 7, which are scanned for the second time, the video data area 
ARV.sub.L records sync blocks of 21 rows from 42nd to 62nd rows in each of the ECC 
blocks 0 to 35, whereas the video data area ARV.sub.U records sync blocks of 21 rows 
from 63rd to 83rd rows in each of the ECC blocks 0 to 35. 

[0065] In four tracks 8 to 1 1 , which are scanned for the third time, the video data area 
ARV.sub.L records sync blocks of 21 rows from 84th to 104th rows in each of the ECC 
blocks 0 to 35, whereas the video data area ARV.sub.U records sync blocks of 21 rows 
from 105th to 125th rows in each of the ECC blocks 0 to 35. 

[0066] Here, the sync blocks of the 0th row are constituted by the 0th sync block in each 
of the ECC blocks 0 to 35. As is shown in FIG. 7B, these 36 sync blocks are divided into 
9 groups of sync blocks when they are recorded on the tracks 0 to 4. Specifically, the 
track 0 records 0th sync blocks in each of the ECC blocks 0, 18, 1, 19, 2, 20, 3, 21, and 4; 
the track 1 records 0th sync blocks in each of the ECC blocks 22, 5, 23, 6, 24, 7, 25, 8, 
and 26; the track 2 records 0th sync blocks in each of the ECC blocks 9, 27, 10, 28, 1 1, 
29, 12, 30, and 13; and the track 3 records 0th sync blocks in each of the ECC blocks 31, 
14, 32, 15,33, 16, 34, 17, and 35. 

[0067] Hereinafter, in the same manner as described above, the sync blocks of the 1st to 
125th rows are respectively constituted by 1st to 125th sync blocks in each of the ECC 
blocks. The sync blocks are divided into four groups of nine sync blocks when they are 
recorded on the corresponding four tracks. In this case, the ECC blocks taken out from 
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the nine sync blocks recorded on the individual four tracks are shuffled for every row and 
rotated. As shown in FIG. 7C, one sync block is constituted by two-byte sync data, two- 
byte ID, 226-byte video data (or a C2 parity), and a 16-byte CI parity. 

[0068] Here, the sync blocks of the 0th to 125th rows are sequentially recorded on the 
tracks 0 to 1 1 . In this case, the sync blocks of the 0th to 1 13 rows are respectively 
constituted by adding a CI parity to a data string of the video data, which constitutes an 
internal encoding calculation data stream, whereas the sync blocks of the 1 14th to 125th 
rows are respectively constituted by adding a CI parity to a data string of the C2 party, 
which constitutes an internal encoding calculation data stream. 

[0069] As shown in FIG. 8, 24 ECC blocks from a block 0 to block 23 (data in encoding 
units) are recorded into the audio data area ARA in twelve tracks. One ECC block is 
constituted as follows. Specifically, for the audio data constituted by an 189.times.8 byte 
data array, data in each column (data string) is encoded according to (16, 8) Reed- 
Solomon code, for example, in the external encoding calculation data stream shown by an 
arrow "b" to generate a C2 parity of eight-byte (external encoding parity). For the video 
data and the C2 parity, data in each row (data string) is also encoded according to (205, 
189) Reed-Solomon code, for example, in the internal encoding calculation data stream 
shown by an arrow "a" to generate a CI parity of 16 bytes. At a leading end of each data 
string, sync data and ID each having a size of two bytes are arranged. 

[0070] FIG. 9 shows a configuration of one sync block in each ECC block (audio data). 
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Two bytes at the leading end are sync data. The subsequent two bytes are ID. The ID 
includes a track ID for identifying which track among twelve tracks records this one sync 
block and a sync block ID for identifying which sync block among the plurality of sync 
blocks recorded on one inclined track is this one sync block. 

[0071] For example, the sync block ID is constituted as 9-bit data. In this case, one bit 
indicates whether this one sync block is recorded on a first-half portion of the audio data 
area ARA, located at an end side at which the scanning is initiated, or on a latter-half 
portion of the audio data area ARA, located at an end side at which the scanning is 
finished. The remaining 8 bits give numeric values of 224 to 227, 232 to 235, 240 to 243, 
and 248 to 251 respectively corresponding to 16 sync blocks to be recorded on the first- 
half portion and the latter-half portion. 

[0072] Further, one segment is constituted for every twelve tracks, and segment numbers 
from 0 to 3 are repeatedly allocated to the segments sequentially. The two-byte ID 
described above also includes a segment ID indicating the segment number of the 
segment that records this one sync block. In other words, segment numbers for 
identifying each field are allocated to the sync blocks in a cycle of 4 fields. 

[0073] The ID is followed by 189-byte audio data (or a C2 parity) and a 16-byte CI 
parity. 

[0074] Here, two ECC blocks include audio data of one field, which can be transmitted 
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through one channel. Therefore, twenty-four ECC blocks include audio data of one field, 
which can be transmitted through twelve channels. In this case, the audio data to be 
transmitted through an N channel (N=0 to 1 1) is included in the ECC blocks of the block 
Nand the block N+12. 

[0075] FIG. 10 shows sampled data of audio data of one field to be provided to the ECC 
blocks of block N and the block N+12. In this embodiment, as described above, the 
description is made on an assumption that the video data Vin has a frame frequency of 
23.97 Hz and the audio data has a sampling frequency of 48 kHz. The number of items of 
the sampled data per one field is 1001 items from SO to SI 000. Data of one sample is 
composed of 24 bits (3 bytes). 

[0076] In the ECC block of the block N, items of the sampled data with even numbers 
from SO, S2, S4, . . . , to SI 000 are arranged in such a manner that they are continuous 
along the external encoding calculation data stream shown by an arrow "b". On the other 
hand, in the ECC block of block N+12, items of the sampled data with odd numbers from 
SI, S3, S5, . . . , S999 are arranged in such a manner that they are continuous along the 
external encoding calculation data stream shown by an arrow "b". The data 0-0 to data 5- 
2 are auxiliary data such as format and time code. 

[0077] As described above, 24 ECC blocks are recorded on twelve tracks of the magnetic 
tape 120 (see FIG. 8). FIG. 1 1 shows an arrangement of sync blocks in each ECC block 
in the audio data area ARA on twelve tracks, which constitute one segment. 
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[0078] As shown FIG. 1 1 A, eight recording portions from Al to A8 are present in the 
audio data area ARA on four tracks from 0 to 3, which are scanned for the first time. 
Further, eight recording portions from A9 to A12 and Al to A4 are present in the audio 
data area ARA on four tracks from 4 to 7, which are scanned for the second time. Eight 
recording portions from A5 to A12 are present in the audio data area ARA on four tracks 
from 8 to 11, which are scanned for the third time. 

[0079] As shown in FIG. 1 IB, each of the recording portions Al to A12 records sync 
blocks in an ECC block including the audio data of 0 to 1 1 channels. Specifically, the 
sync blocks in ECC blocks of N and N+12 blocks including audio data of N channels 
(N=0 to 1 1) are respectively allocated to either one of two recording portions A (N+l) for 
recording. 

[0080] In FIG. 1 IB, x-yF indicates that the first-half sync blocks in the x and y ECC 
blocks are recorded, and x-yB indicates that the latter-half sync blocks in the x and y 
ECC blocks are recorded. In this case, the first-half sync blocks include 0 to 7th sync 
blocks* of x ECC block and 8 to 15th sync blocks of y ECC block. The latter-half sync 
blocks include 8 to 1 5th sync blocks of x ECC block and 0 to 7th sync blocks of y ECC 
block. 

[0081] For example, a recording portion Al on four tracks from 0 to 3 records first-half 
16 sync blocks in ECC blocks of 0 and 12, which include audio data of 0 channel. A 
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recording portion Al on four tracks from 4 to 7 records latter-half 16 sync blocks in ECC 
blocks of 0 and 12 blocks, which include an audio data of the 0 channel. 

[0082] As shown in FIG. 1 1C, one sync block is composed of 2-byte sync data, 2-byte 
ID, 189-byte audio data (or a C2 parity), and a 16-byte CI parity. 

[0083] Next, an ECC encoder 1 13 in the recording and reproduction apparatus 100 shown 
in FIG. 1 will be described in detail. FIG. 12 shows a configuration of the ECC encoder 
113. 

[0084] The ECC encoder 113 includes a synchronous dynamic RAM (SDRAM) 151, and 
an SDRAM interface 152, which is an interface for writing and reading into and from the 
SDRAM 151. The SDRAM 151 has a capacity capable of storing video data and audio 
data of a plurality of fields, for example, 6 fields. 

[0085] In this case, in the SDRAM 151, memory spaces corresponding to 36 ECC blocks 
(see FIG. 5) are prepared for each field of video data. In addition, in the SDRAM 151, 
memory spaces corresponding to 24 ECC blocks (see FIG. 8) are prepared for each field 
of audio data. 

[0086] The ECC encoder 113 also includes a video input write buffer 153 V, which is 
used as a buffer for writing the video data (compression-encoded data) supplied from the 
video compression circuit 1 12 (see FIG. 1) into the SDRAM 151. Here, the buffer 153 V 
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also constitutes a packing device for packing the video data (compression-encoded data) 
VDa supplied from the video compression circuit 1 12 into the sync block. 

[0087] As described above, the video compression circuit 112 divides the video data Vin 
into two-dimensional blocks of 8.times.8 pixels, for example, and then performs data- 
compression for the resultant video data by use of block encoding such as DCT. 
Although not described above, the effective screen is constituted by 1920 
pixels.times.1088 lines. The input write buffer 153V packs the video data for each 
compression-encoded data, for example, in a macro-block of 16.times.16 pixels into two 
sync blocks, as shown in FIG. 13. 

[0088] In the SDRAM 151, the sync blocks into which the compression-encoded data in 
each macro-block has been packed are sequentially written into memory spaces 
corresponding to 36 ECC blocks, for each field. As shown in FIG. 7, the sync blocks of 
36 ECC blocks are respectively shuffled and recorded on the inclined tracks. 

[0089] The encoder 113 also includes a video C2 read buffer 154V, which is used as a 
buffer for supplying the video data corresponding to 36 ECC blocks related to the video 
data, read from the SDRAM 151, to a later-described video C2 encoder 155V for each 
field. The encoder 113 further includes a video C2 encoder 155V for calculating a C2 
parity (an external encoding parity) in the respective 36 ECC blocks related to the video 
data for each field. 
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[0090] The ECC encoder 1 13 further includes a video C2 write buffer 156V 5 which is 
used as a buffer for writing the C2 parity in the respective 36 ECC blocks calculated in 
the C2 encoder 155V to the SDRAM 151 for each field. 

[0091] The ECC encoder 1 13 further includes an audio input buffer 153 A for supplying 
the audio data Ain, which has been input into the input terminal 1 1 1 A (see FIG. 1), to a 
later-described audio C2 encoder 155 A. The ECC encoder 113 further includes an audio 
C2 encoder 155A for calculating a C2 parity (an external encoding parity) in the 
respective 24 ECC blocks related to the audio data for each field. 

[0092] The ECC encoder 113 further includes an audio C2 write buffer 156A, which is 
used as a buffer for writing the audio data Ain and the C2 parity calculated in the C2 
encoder 155 A into the SDRAM 151 for each field. In the SDRAM 151, the audio data 
Ain and the C2 parity of each channel are sequentially written into the memory spaces 
corresponding to two ECC blocks for each field. 

[0093] The ECC encoder 113 further includes a SYNC/ID addition circuit 158 for adding 
sync-data and ID to data string of each sync block related to the video data or audio data, 
which is output from the output buffer 157 in the order that the video data or the audio 
data have been recorded. The ECC encoder 113 further includes a CI encoder 159 for 
calculating a CI parity and adding it to the video data of each sync block to which the 
sync-data and ID have been added in the SYNC/ID addition circuit 158 and then for 
outputting the resultant data as recording video data DDb. In this case, a video and an 
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audio also serves as the CI encoder 159, and its parameter such as code length and the 
like is determined at an initial sync block when use. 

[0094] Operations of the ECC encoder 113 shown in FIG. 12 will be described. 

[0095] The video data (compression-encoded data) VDa supplied from the video 
compression circuit 112 (see FIG. 1) is written into the SDRAM 151 via the video input 
write buffer 153V and the SDRAM interface 152. In this case, for each item of 
compression encoded data in a macro-block of 16.times.16 pixels, the video data is 
packed into two sync blocks. These sync blocks are then sequentially written into the 
memory spaces corresponding to 36 ECC blocks for each field. 

[0096] Further, the video data corresponding to 36 ECC blocks related to the video data 
read from the SDRAM 151 is supplied to the video C2 encoder 155V via the SDRAM 
interface 152 and the video C2 read buffer 154V for each field. 

[0097] The C2 encoder 155V calculates a C2 parity in the respective 36 ECC blocks for 
each field. The C2 parity in the respective 36 ECC blocks, which is calculated in the C2 
encoder 155 V for each field, is written into the C2 parity area in the memory space of the 
SDRAM 151 corresponding one of 36 ECC blocks via the video C2 write buffer 156V 
and the SDRAM interface 1 52. 

[0098] Further, the audio data Ain supplied from the input terminal 1 1 1 A (see FIG. 1) is 
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supplied to the audio C2 encoder 155 A via the audio input buffer 153 A. The C2 encoder 
1 55 A calculates the C2 parity in the respective 24 ECC blocks for each field. 

[0099] The C2 parity in the respective 24 ECC blocks calculated in the C2 encoder 155 A 
and audio data Ain are written into the memory space of the SDRAM 151 corresponding 
one of 24 ECC blocks in the SDRAM 151 via the audio C2 write buffer 156A and the 
SDRAM interface 152 for each field. 

[0100] The video data corresponding to 36 ECC blocks related to the video data and the 
C2 parity, which are read from the SDRAM 151, as well as the audio data corresponding 
to the 24 ECC blocks related to the audio data and the C2 parity are supplied to the output 
buffer 157 for each field. Each sync block related to the video data or audio data, which 
is output from the output buffer 157 in the order that the video data or audio data has 
been recorded is supplied to the CI encoder 159 after sync data and ID are added to the 
sync block in the SYNC/ID addition circuit 158. 

[0101] The CI encoder 159 calculates a CI parity for the video data in each sync block to 
which the sync data and ID have been added and adds the CI parity to the video data, so 
as to produce each sync block as recording data DDb. The recording data DDb is 
supplied to the recording amplifier 1 14 as described above (see FIG. 1). 

[0102] Next, the ECC decoder 134 in the recording and reproduction apparatus 100 
shown in FIG. 1 will be described in detail. FIG. 14 shows a configuration of the ECC 
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decoder 134. 

[0103] The ECC decoder 134 includes a sync detection circuit 161 for detecting sync data 
in each sync block, which constitutes reproduction data DDc supplied from the decoding 
circuit 133 (see FIG. 1). The ECC decoder 134 also includes a CI decoder 162 for 
receiving sync data in each sync block via the sync detection circuit 161 and performing 
error correction for each sync block by use of a CI parity. In this case, a video and an 
audio also serves as the CI decoder 162 so that its parameter such as code length is 
determined at an initial sync block and the CI decoder 162 is then used. 

[0104] The CI decoder 162 outputs each sync block in the state that an error correction 
flag for indicating whether or not the error correction has been executed and ID are added 
to the error-corrected video data string or audio data string. The error correction flag is 
inserted into a portion of sync data. In this case, when the error correction flag indicates 
that the error correction has been executed, no error is included in the data string to which 
this error correction flag is added. On the other hand, when the error correction flag 
indicates that the error correction has not been executed, an error is included in the data 
string to which the error correction flag is added. 

[0105] The ECC decoder 134 also includes an SDRAM 163, and a SDRAM interface 164 
for writing and reading into and from the SDRAM 163. The SDRAM 163 has a capacity 
capable of storing video data and audio data of a plurality of fields, for example, 6 fields. 



28 



80001-2971 

SUBSTITUTE SPECIFICATION 



Attorney Docket No.: SON-2971 
Application No.: 10/809,440 



[0106] In this case, in the SDRAM 163, memory spaces corresponding to 36 ECC blocks 
(see FIG. 5) are prepared for each field of video data. In addition, in the SDRAM 163, 
memory spaces corresponding to 24 ECC blocks (see FIG. 8) are prepared for each field 
of audio data. 

[0107] The ECC decoder 134 further includes an input write buffer 165, which is used as 
a buffer for writing each sync block supplied from the CI decoder 162 into the SDRAM 



[0108] Here, since the C2 decoder performs error correction by use of a C2 parity, which 
will be described later, the input write buffer 165 writes all of the sync blocks into the 
SDRAM 163 regardless of the state of the error correction flag added. 

[0109] In this case, each sync block related to video data is written into a specific address 
position in the memory space corresponding to one of 36 ECC blocks for each field, 
based on the track ID and the sync block ID added to the sync block. As a result, in the 
SDRAM 163, 36 ECC blocks each composed of the same 126 sync blocks as in recording 
are produced for each field. 

[0110] Further, in this case, each sync block related to audio data is written into a specific 
address position in the memory space corresponding to one of 24 ECC blocks for each 
field, based on the track ID and the sync block ID added to the sync block. As a result, in 
the SDRAM 163, 24 ECC blocks each composed of the same 16 sync blocks as in 



163. 
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recording are produced for each field. 

[0111] The ECC decoder 134 further includes a video C2 read buffer 166V, which is 
used as a buffer for supplying data of each sync block in the respective 36 ECC blocks 
related to the video data, read from the SDRAM 163, to a later-described video C2 
decoder 167V for each field. The ECC decoder 134 further includes a video C2 decoder 
167 V for performing error correction in 36 ECC blocks by use of the C2 parity for each 
field. The ECC decoder 134 still further includes a video C2 write buffer 168V, which is 
used as a buffer for writing video data (compression encoded data) in 36 ECC blocks, 
corrected in the C2 decoder 167V, into the SDRAM 163 for each field. 

[0112] The ECC decoder 134 further includes a video output buffer 169, which is used as 
a buffer for outputting compression encoded data in each macro-block for each field, 
based on 36 ECC blocks related to video data recorded in the SDRAM 163. In this case, 
the video output buffer 169V performs depacking to capture compression encoded data in 
each macro-block from the corresponding sync block. 

[0113] The ECC decoder 134 further includes an audio C2 read buffer 166 A, which is 
used as a buffer for supplying data of each sync block in 24 ECC blocks related the audio 
data, read from the SDRAM 163, to a later-described audio C2 decoder 167A for each 
field. The ECC decoder 134 still further includes an audio C2 decoder 167 A for 
performing error correction in 24 ECC blocks by use of a C2 parity, for each field. The 
ECC decoder 134 further includes an audio output buffer 169A, which is used as a buffer 
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for outputting audio data in 24 ECC blocks, corrected in the C2 decoder 167 A, that is, 
audio data of twelve channels. 

[01 14] Operations of the ECC decoder 134 shown in FIG. 14 will be described. 

[01 15] In the sync detection circuit 161, sync data is detected from the reproduction data 
DDc supplied from the decoding circuit 133 and then is supplied to the CI decoder 162. 
The CI decoder 162 performs error correction for each sync block by use of a CI parity. 
The CI decoder 162 outputs each sync block in a state that an error correction flag 
indicating whether or not error correction has been executed and ID are added to the 
error-corrected data string. 

[0116] Each sync block output from the CI decoder 162 is written into the SDRAM 163 
via the input write buffer 165 and the SDRAM interface 164. 

[0117] In this case, each sync block related to the video data is written into a specific 
address position in the memory space corresponding to one of 36 ECC blocks for each 
field, based on the track ID and the sync block ID added to the sync block. As a result, in 
the SDRAM 163, 36 ECC blocks each composed of the same 126 sync blocks as in 
recording are produced for each field. 

[0118] Further, in this case, each sync block related to audio data is written into a specific 
address position in the memory space corresponding to one of 24 ECC blocks for each 
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field, based on the track ID and the sync block ID added to the sync block. As a result, in 
the SDRAM 163, 24 ECC blocks each composed of the same 16 sync blocks as in 
recording are produced for each field. 

[0119] Further^ data of each sync block in 36 ECC blocks related to the video data is read 
from the SDRAM 163, and is supplied to the video C2 decoder 167V via the SDRAM 
interface 164 and the video C2 read buffer 166V for each field. The C2 decoder 167V 
performs error correction in 36 ECC blocks by use of a C2 parity for each field. Then, the 
video data (compression encoded data) in 36 ECC blocks, corrected in the C2 decoder 
167V, is written into the SDRAM 163 via the video C2 write buffer 168V and the 
SDRAM interface 164 for each field. 

[0120] Further, compression encoded data in each macro-block is read for each field, 
based on 36 ECC blocks related to the video data stored in the SDRAM 163, and is 
output as output video data VDd via the output buffer 169V. In this case, the output 
buffer 169V performs depacking to capture compression encoded data in each macro- 
block from the corresponding sync block. 

[0121] Further, data of each sync block in 24 ECC blocks related to the audio data is read 
from the SDRAM 163 for each field, and is supplied to the audio C2 decoder 167A via 
the SDRAM interface 164 and the audio C2 read buffer 166 A. The C2 decoder 167A 
performs error correction in 24 ECC blocks for each field by use of a C2 parity. 
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[0122] Then, audio data in 24 ECC blocks, corrected in the C2 decoder 167 A, that is, 
audio data of twelve channels, are output as output audio data Aout via the audio output 
buffer 169 A. 



[0123] As described above, in this embodiment, the video data Vin having a frame 
frequency of 23.97 Hz is recorded on the magnetic tape 120, and the audio data Ain 
having a sampling frequency of 48 kHz is also recorded on the magnetic tape in 
correspondence with this video data Vin. In this case, 1001 items of the sampled audio 
data related to the audio data Ain are recorded per one channel for each field. 

[0124] In the normal reproduction, the tape traveling speed of the magnetic tape 120 and 
the rotation speed of the rotation head are set to be identical to those at the time of 
recording, so as to produce video data Vout having a frame frequency of 23.97 Hz from 
the magnetic tape 120. In this case, audio data for each field, which is sequentially 
supplied from the ECC decoder 134, is output from the rate converter 137 with the 
number of the sampled audio data being kept at the original 1001 items (this number 
corresponds to the sampling frequency of 48 kHz). In this manner, audio data Aout 
having a sampling frequency of 48 kHz and corresponding to the video data Vout is 
produced. 

[0125] In the compatibility reproduction, the tape traveling speed of the magnetic tape 
120 and the rotation speed of the rotating head are set to be 25/23.97 times higher than at 
the time of recording. In this case, audio data of each field, which is sequentially supplied 
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from the ECC decoder 134, is output from the rate converter 137 with the number of 
items of the sampled audio data being converted from 1001 items(this number 
corresponds to the sampling frequency of 50.01 kHz) to 960 items (this number 
corresponds to the sampling frequency of 48 kHz). As a result, audio data Aout having a 
sampling frequency of 48 kHz and corresponding to the video data Vout is produced. 

[0126] As described above, in the normal reproduction, the audio data, which has been 
recorded on the magnetic tape 120, is reproduced without converting the number of items 
of the sampled data thereof and used as it is. This prevents the number of items of the 
sampled data from reducing to avoid bandwidth limitation and filter rounding error in the 
rate converter 137, thereby resulting in no deterioration in sound quality. 

[0127] In the above embodiment, an example is shown where the first frame frequency is 
23.97 Hz and the second frame frequency is 25 Hz. However, the present invention is not 
limited to these frame frequencies. Alternatively, the present invention may also be 
applicable to the case where the first frame frequency is 25 Hz and the second frame 
frequency is 23.97 Hz, for example. 

[0128] In this case, the video data Vin having a frame frequency of 25 Hz is recorded on 
the magnetic tape 120, and at the same time, the audio data Ain having a sampling 
frequency of 48 kHz is also recorded on the magnetic tape 120 in correspondence with 
the video data Vin. In this case, 960 items of sampled data related to the audio data Ain 
are recorded per one channel for each field. 
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[0129] In the normal reproduction, the tape traveling speed of the magnetic tape 120 and 
the rotation speed of the rotation head are set to be identical to those at the time of 
recording, so as to reproduce video data Vout having a frame frequency of 25 Hz from 
the magnetic tape 120. In this case, audio data for each field, which is sequentially 
supplied from the ECC decoder 134, is output from the rate converter 137 with the 
number of the sampled audio data being kept at the original 960 items (this number 
corresponds to the sampling frequency of 48 kHz). In this manner, audio data Aout 
having a sampling frequency of 48 kHz and corresponding to the video data Vout is 
produced. 

[0130] In the compatibility reproduction, the tape traveling speed of the magnetic tape 
120 and the rotation speed of the rotating head are set to be 25/23.97 times higher than at 
the time of recording. In this state, video data Vout having a frame frequency of 23.97 Hz 
is reproduced from the magnetic tape 120. In this case, the audio data for each field, 
sequentially supplied from the ECC decoder 134, is output from the rate converter 137 
with the number of their sampled data being converted from 960 items (this number 
corresponds to the sampling frequency of 46.02 kHz) to 1001 items (this number 
corresponds to the sampling frequency of 48 kHz). As a result, audio data Aout having a 
sampling frequency of 48 kHz corresponding to the video data Vout is produced. 

[0131] FIG. 15A shows that 960 items of the sampled audio data related to the audio data 
Ain having a sampling frequency of 48 kHz are recorded in correspondence with each 
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field of the video data Vin having a frame frequency of 25 Hz. In the normal 
reproduction, the video data Vout has a frame frequency of 25 Hz. This is identical to the 
frame frequency of the video data Vin at the time of recording. In this case, audio data 
Aout having a sampling frequency of 48 kHz is produced by using 960 items of the 
sampled audio data without any conversion, which are reproduced in each field of the 
video data Vout. 

[0132] On the contrary, in the compatibility reproduction, the video data Vout has a 
frame frequency of 23.97 Hz. This is lower than the frame frequency of the video data 
Vin at the time of recording. If the audio data having a sampling frequency of 48 kHz is 
constituted by using 960 items of the sampled audio data without any conversion, which 
are reproduced in each field of the video data Vout, thus-constituted audio data has a 
period shorter than one field period as shown in FIG. 15B, and this is inconvenient. 

[0133] As described above, to avoid such an inconvenience, the number of items of the 
sampled audio data reproduced in each field of the video data Vout is converted from 960 
items to 1001 items by the rate converter 137. Then, audio data having a sampling 
frequency of 48 kHz is constituted by use of 1001 items of sampled data obtained as a 
result of conversion in each field. As a result, as shown in FIG. 15C, thus-constituted 
audio data has a period equal to one field period, and audio data in each field can be 
satisfactorily continued. 

[0134] In the above-described embodiment, sampled data for one field of the audio data 
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having a sampling frequency of 48 kHz is recorded in each one field period onto the 
magnetic tape 120 in correspondence with video data Vin. In the compatibility 
reproduction, the number of items of the sampled data is converted for the audio data of 
each one field in the rate converter 137. However, the present invention is not limited 
thereto. 

[0135] For example, the present invention is also applicable to a case where, for every 
specific period of time which is an integer times larger than or is smaller by a factor of an 
integer than the frame period of the video data Vin, sampled audio data related to audio 
data having a specific sampling frequency is recorded onto the magnetic tape 120 for this 
specific period of time. In this case, in the compatibility reproduction, the number of 
items of the sampled data is converted for the audio data of each specific period of time, 
for example in the rate converter 137. 

[0136] Further, in the above-described embodiment, sampled audio data of each one field 
of the audio data having a sampling frequency of 48 kHz is recorded onto the magnetic 
tape 120 every one field period of time in correspondence with the video data Vin. 
Alternatively, the present invention is also applicable to the case where only audio data 
having a sampling frequency of 48 kHz is recorded onto the magnetic tape 120 for every 
first period of time. 

[0137] In this case, when audio data of the first period of time recorded on the magnetic 
tape 120 is reproduced every second period of time, which is different from the first 
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period of time, audio data having a sampling frequency of 48 kHz is produced by 
converting the number of items of the sampled audio data of the audio data reproduced 
every second period of time by use of the rate converter 137. 

[0138] In this case, when audio data of the first period of time recorded on the magnetic 
tape 120 is reproduced every first period of time, audio data having a sampling frequency 
of 48 kHz is also produced with the number of items of the sampled audio data of the 
audio data reproduced every first period of time being kept unchanged. 

[0139] Therefore, in this case, the audio data recorded on the magnetic tape 120 is 
reproduced without converting the number of its sampled data and used as it is. This 
prevents the number of items of the sampled data from reducing to avoid bandwidth 
limitation and filter rounding error in the rate converter, thereby resulting in no 
deterioration in sound quality. 

[0140] In addition, in the above-described embodiment, the magnetic tape 120 has been 
shown as a recording medium. It is obvious, however, that the present invention is also 
applicable to the case where other kinds of tape recording mediums and disk recording 
mediums are alternatively employed. 
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